Utilizing the model with upstream mixed oligopoly in which there are one public and n private wholesalers in the upstream market, and m private retailers in the downstream market, this paper examines the optimal privatization policy of the upstream public wholesaler. It shows that: Firstly, in an environment with mixed oligopoly in the wholesale market and many private firms in the retail market, the public wholesaler should be partially privatized in the short run. Besides, the more private firms are in wholesalers or retailers market, the higher degree of privatization the government should take. Secondly, the public wholesaler should be partially privatized in the long run; moreover, the more private retailers firms are in the market, the less degree of privatization the government should take. Thirdly, the difference of optimal degree of privatization between long run and short run is increasing in the market scale and decreasing in the entry cost. Hence, the optimal degree of privatization in long run is smaller than in short run, when the market scale is restricted and the entry cost is high.
C.-C. Hsu the optimal policy in the short-run; full nationalization is always optimal in the long run with free entry among private firms. Brandão and Castro [3] extended the framework by Matsumura and Kanda [4] , and demonstrated that the presence of a public enterprise can be an alternative to direct regulation to avoid the excess entry problem. Fujiwara [4] developed a differentiated mixed oligopoly model to establish what implication product differentiation has for the optimal privatization policy and showed that the short-run-optimal policy is non-monotonic in the degree of love of variety, while the optimal degree of privatization is monotonically increasing in the consumer's preference for variety in the long run.
Wang and Chen [5] envisage three scenarios, which are one benchmark regarding an autarky market and two open-market counterparts, to explore the influences of cost efficiency gain and foreign competitors on equilibrium outcomes. In contrast to the case in Matsumura and Kanda [2] , critical cost gap determines that long-run degree of privatization is larger than the short-run one. In particular, regarding the scenario wherein one public firm competes with domestic private firms and foreign private firms, equilibrium price is lower than marginal cost of public firm instead of being equivalent to marginal cost of the public firm. They find that public firm's outputs, profit, and social welfare are the largest in the autarky scenario; contrarily, public firm's outputs, profit, and social welfare are the smallest in mixed oligopoly wherein one public firm competes with domestic private firms and foreign private firms.
While Matsumura and Kanda [2] and Wang and Chen [5] show an important limitation of the "optimal privatization policy at the free entry market" and provide important policy implications, they have ignored an important market structure, viz., the input of the final goods. Hence, a more comprehensive treatment incorporating the input pricing activities of the intermediate goods producers and the final goods producers deserve attention in examining privatization policy of entry in a vertical structure. We take up this issue in this paper and derive the following findings: Firstly, in an environment with mixed oligopoly in the wholesale market and many private firms in the retail market, the public wholesaler should be partially privatized in the short run. Besides, the more private firms are in wholesalers or retailers market, the higher degree of privatization the government should take. Secondly, the public wholesaler should be partially privatized in the long run; moreover, the more private retailers firms are in the market, the less degree of privatization the government should take. Thirdly, the difference of optimal degree of privatization between long run and short run is increasing in the market scale and decreasing in the entry cost. Hence, the optimal degree of privatization in long run is smaller than in short run, when the market scale is restricted and the entry cost is high.
The remainder of this paper is organized as follows. We present the basic model in Section 2. Major results are derived and explained in Sections 3 and 4. The final section is the concluding remarks.
The Basic Model
We assume that in a mixed oligopoly structure, there are one partially state-owned wholesaler and n private wholesalers in the upstream, while there are m private retailers in the downstream. All the upstream wholesalers, no matter whether it is the public or the private ones, sell homogeneous intermediate goods. It requires one unit of intermediate goods for producing one unit of final goods. Both the upstream and the downstream markets are engaging in Cournot competition. The market demand is characterized by a linear function p a Q = − , where a denotes the market scale, p stands for the market price.
is the total market output, where 0 q , i q and j q are respectively, the sale amount of the public wholesaler, the private wholesalers and private retailers .We assume that both public and private wholesalers have the same increasing marginal cost function 2 ; namely,
, where 2 f stands for the fixed cost. The only cost that private retailers entail is the wholesale price w determined by the wholesaler, excluding the fixed or variable costs, say the warehouse or transportation costs. Moreover, we also assume that the objective of this public firm, before privatization, is to maximize the social welfare. To launch the privatization policy, the government, adopting the equity offering, restructures the public firm into a mixed enterprise, and shares the ownership with private investors. The profit functions of the public wholesaler, the private wholesalers, and the private retailers are as follows respectively:
where SW denotes the social welfare, and 2 2 CS Q = is the consumer surplus. The social welfare function is the summation of consumer surplus and the profits of all the public and the private firms. Accordingly, the social welfare function is
The objective function of the public firm is the weighted average of both its profit and social welfare. Thus, we express its objective function as
where λ is the weight on producer profits in the decision-making process of the firm, namely degree of privatization, and 0 1 λ ≤ ≤ . Following Matsumura [1] , we assume that the government can indirectly control λ through its shareholding. The fully private firm maximizes its profit if In the following, a three-stage game is used to explore how the government determines the optimal privatization policy. At Stage 1, by maximizing the social welfare, the government determines the optimal degree of privatization; at Stage 2, it is the Cournot competition where the public firm, given the privatization degree, determines the optimum wholesale amount and competes with other private wholesalers; at Stage 3, the private retailers are in Cournot competition as well. As usual, this game is solved by subgame perfection deduced through backward induction.
Optimal Privatization Policy at Regulated Entry
We start by considering Stage 3. Retailers are in Cournot competition to determine the optimal retail quantity ( * j q ). Since the objective of the retailer is profit maximizing, we partially differentiate the retailer's profit function with respect to j q which yield the first order condition:
We then get the equilibrium retail price
From Equation (5), we obtain the retailer's profit, the wholesale price and the aggregate profit of the wholesale market respectively in the following expression:
Then, in Stage 2, we find the optimal wholesale output for the wholesalers. By substituting the preceding solutions into Equation (1), the profit functions of the public wholesaler and the private firm are rewritten as follows:
The first-order conditions of the above maximization problems are
The wholesale market is in homogeneous goods competition, we express
. From these two preceding equations, we can obtain the optimal output levels for the public wholesaler and the private ones as follows:
The equilibrium input price is ( ) From comparative static analysis, we obtain that: 
In the short run, the equilibrium input price of intermediate good will increase because the increase of the derive demand which is called the "pass through effect"; when the number of the firm in the wholesaler market increases, the equilibrium input price of intermediate goodwill decrease because the market is soften; the higher degree of the privatization will push up the equilibrium input price of intermediate good is because the decrease in the production of the public firm will decrease the supply of the intermediate goods.
Substituting 0 q and i q into other equations, we get equilibrium aggregate market output, equilibrium market price, consumer price, and profit functions of the public wholesaler and the private one as follows: 
From Equations (8) and (9), we find that the output of the public wholesaler outnumbers that of the private wholesaler. Similar to the results obtained in other studies without concerning vertical market structure, our finding also indicates that the public firm will produce more for the consideration of social welfare.
Moreover, by using the foregoing equations, we can derive the impact of privatization degree λ on the individual firm's output, market aggregate output, market price, and consumer surplus as follows: 
From the above equations, we see that as the degree of privatization increases, the output of the public wholesaler shrinks, while that of the private wholesaler expands and that of private retailer decreases. The aggregate market output goes down and that will boost up the market price. Hence, consumer surplus declines.
Finally, we go to the first stage, and solve the government's social welfare maximization problem to get the optimal degree of privatization. From the first order condition for social welfare maximization with respect to λ 3 : 
We obtain the optimal degree of privatization 
3
The second order condition In an environment with mixed oligopoly in the wholesale market and many firms in the retail market, the public wholesaler should be partially privatized in the short run.
Besides, from Equation (14), we perceive how the number of private wholesalers or that of private retailers affects the optimal degree of privatization. It shows that:
The optimal degree of privatization for the public firm depends on the number of private wholesalers or that of private retailers. When the number of private firms increases in wholesalers and retailers market, the government should increase the optimal degree of privatization.
Optimal Privatization Policy with Free Entry of Upstream Firms
In the long run, the government may liberalize the market with free entry 4 which leads to zero profit for all the private wholesalers. Substituting Equation (8) and Equation (9) into 0 i π = yields the following constraint: 
From Equation (17), we derive the number of the private wholesalers under free entry: 
From Equation (18), we find that the impact of the optimal privatization degree or private retailer number on the optimal number of private wholesaler in the free entry upstream market. We express them respectively in the following equations: 3  2  2  2   2  2   2  5  5  1  2  1  2  2 1  2  2 3  4  2 3  0  2  2 From Equation (19), we also perceive that with free entry in the upstream market, the optimal private wholesaler number ( E n ) existing in the market is in positive correlation with both the optimal privatization degree ( λ ) and private retailer number ( m ).
This implication is that when the optimal privatization degree or the number of private retailers increases, the number of private wholesalers in the market will raise up.
Substituting Equation (18) into Equations (5), (8) and (9), we get the outputs of the public firm and the private firms and wholesale price in the following expression: 
From comparative static analysis, we obtain that: In the long run, the equilibrium input price of intermediate good will decrease rather than increase is due to the deterrence effect of entry cost that will make the number of the firm in the downstream market becomes smaller and consequently, decreases the derive demand. The long run effect of firm entry in downstream market on the equilibrium input price of intermediate good is different from the short run "pass through" effect.
Furthermore, we find that: 
From the results of Equations (25) and (26), we find that, in the industry environment with free entry, the government's optimal privatization policy will only affect the optimum wholesaler number in the market or the output of the public firm. Neither the output of any individual private firm nor the optimum wholesale price is affected 5 .
Then, we go back to the first stage. In an industry environment with free entry, we solve the government's social welfare maximization problem with respect to the optimal privatization degree. Substituting Equation (18) to Equation (2) gives us the long run social welfare level. From the first order condition, we get the long run optimal privatization degree as follows 
From Equation (27), we perceive the impact of the private retailer number, the market scale and the entry cost on the long run optimal privatization degree as follows 7 : 
) when there is free entry in the wholesale market in the long run.
As argued in Matsumura and Kanda [2] , marginal cost pricing of the public firm is the best in mixed oligopoly at the free entry market. In other words, the optimal degree of privatization is achieved when marginal cost of the public firm is equal to the equilibrium price. After characterizing the short-run and long-run optimal privatization policies respectively, to compare which one is larger than another, we compare by 
Proposition 3. The difference of optimal degree of privatization between long-run and short-run is increasing in the market scale and decreasing in the entry cost. The optimal degree of privatization in long-run is smaller than in short-run, when the market scale is restricted or the entry cost is high.
The reasoning is provided in Lemma 1. From the comparison of Equation (16) and (28), we see that the entry of firm in the downstream market will increase the optimal degree of privatization in the short run but it may adjust the optimal degree of privatization in the long run. The reasoning is that in short run, as the market competition in the downstream market became intensive and that will make the market overproduced which lead the government to use the privatization policy in the wholesaler market as the instrument to reduce the supply of the public firm and hence, mitigate the adverse effect of overproduction in the retail market; but in the long run, since the profit of the firms in the wholesaler market is driven to zero and the number of the firm is restricted by the industry scale, the government should reduce the scale of optimal degree of privatization and increase the production of the semi-public firm to cope with the intensive competition in the retailers market.
Concluding Remarks
The major finding of this paper lies in the consideration of both the public wholesaler and the government's privatization policy in a vertical structure. We analyze the economic effect of the optimal privatization policy in the short run and in the long run, and have the following conclusions: Firstly, in an environment with mixed oligopoly in the wholesale market and many private firms in the retail market, the public wholesaler should be partially privatized in the short run. Besides, the more private firms are in wholesalers or retailers market, the higher degree of privatization the government should take. Secondly, the public wholesaler should be partially privatized in the long run; moreover, the more private retailers firms are in the market, the less degree of privatization the government should take. Thirdly, the difference of optimal degree of privatization between long run and short run is increasing in the market scale and decreasing in the entry cost. Hence, the optimal degree of privatization in long run is smaller than in short run, when the market scale is restricted and the entry cost is high.
